General methods:
1 H NMR and 13 C NMR spectra were recorded at Bruker Avance 400. Chemical shifts are reported in ppm downfield from CDCl3 (δ = 7.26 ppm) for 1 H NMR and relative to the central CDCl3 resonance (δ = 77.0 ppm) for 13 C NMR spectroscopy. Coupling constants are given in Hz. ESI-MS analysis was performed using an Agilent 6210 ESI/TOF mass spectrometer.
All reagents and solvents were obtained from commercial sources and used without further purification unless otherwise noted. m-Xylene and other solvents tested in Table 1 were dried with 4Å molecular sieves. All the reactions in this study were performed without exclusion of air. Chiral amino phosphine S-1a, S-1b, S-1c and S-1d were prepared according to reported procedure. 1, 2 Racemic compounds were prepared using PPh3 (10 mol% or 30 mol%) as catalyst.
Synthesis of Catalyst 1a:
A mixture of amine S-1a (0.2 mmol, 1.0 equiv), N-(benzo [d] thiazol-2-yl)-1H-imidazole-1-carboxamide S-2 (0.26 mmol, 1.3 equiv) and MeCN (2.0 mL) was stirred at 50 o C for 3 h. The reaction mixture was concentrated and purified by a silica gel flash chromatography (PE/EtOAc/DCM = 3:1:2) to afford compound 1a as white solid (99.2 mg, quant); [α] 25 D = +32.5 (c 0.2, CHCl3); 1 H NMR (400 MHz, CDCl3) δ 10.50 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7. 3H), 7.32 (td, J = 7.3, 2.8 Hz, 2H), 3H), 10H), 1H) , 3.14-3.02 (m, 2H), 2.46-2.35 (m, 2H); 13 C NMR (100 MHz, CDCl3) δ 153.7, 138.2, 138.1, 138.0, 137.9, 137.6, 133.0, 132.8, 132.8, 132.6, 130.8, 129.7, 128.6 (d, J = 2.7 Hz), 128.5, 128.4, 126.6, 126.1, 123.4, 121.2, 120.1, 50.2 
Synthesis of Catalyst 1b:
To a suspension of amine S-1b (43.7 mg, 0.16 mmol), aldehyde S-3 (0.16 mmol, 64.4 mg), Na2SO4 (500 mg) and DCE (2 mL) was added NaBH3CN (0.48 mmol, 
S-1a S-2 1a
OMOM OMOM 9, 152.4, 134.1, 133.1, 132.9, 132.8, 132.6, 130.9, 129.7, 129.7, 129.5, 128.6, 128.5, 128.4, 128.4, 128.3, 127.8, 126.7, 125.7, 125.5, 125.3, 124.8, 124.1, 121.0, 116.5, 99.2, 94.9, 62.2 (d, J = 18.8 Hz), 56.6, 56.0, 54.1, 53.3, 34.2 (d, J = 10. 155.0, 151.3, δ 138.4 (d, J = 11.7 Hz), 137.6 (d, J = 13.0 Hz), 133.8, 133.7, 133.0, 132.8, 132.6, 132.4, 129.8, 129.3, 129.0, 128.6, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 127.8, 126.8, 126.4, 125.6, 125.0, 124.7, 123.7, 123.2, 117.5, 115.1, 112.6, 63.0 (d, J = 21.3 Hz), 57.8, 54.1, 33.4 (d, J = 14.5 Hz) 
Synthesis of Catalyst 1c:
To a suspension of amine S-1b (0.25 mmol), aldehyde S-5 (0.2 mmol, 124.5 mg), 138.6, 134.1, 133.4, 133.3, 133.1, 132.8, 132.6, 132.6, 132.2, 131.7, 131.5, 130.6, 129.8, 129.0, 128.8, 128.6, 128.6, 128.6, 128.4, 128.4, 127.2, 126.7, 126.0, 125.9, 125.6, 124.1, 124.0, 121.1, 61.3 (d, J = 18.6 Hz), 53.5, 52.9, 33.9 (d, J = 12.7 
Synthesis of Catalyst 1d:
A mixture of acid S-8 (0.48 mmol, 336.3 mg), DCC (0.48 mmol, 99.0 mg) and DCM (8 mL) was stirred at rt for 1h before the addition of amine S-1c (0.4 mmol). The suspension was then stirred at rt overnight. The reaction mixture was concentrated and purified by a silica gel flash chromatography (PE/DCM/EtOAc = 5 164.3, 149.6, 149.3, 145.5, 142.3, 140.9, 140.8, 138.5, 138.4, 138.1, 137.9, 133.0, 132.8, 132.3, 131.6, 131.1, 131.0, 130.3, 129.5, 128.9, 128.8, 128.8, 128.7, 128.6, 128.4, 128.0, 127.9, 127.5, 127.4, 126.9, 126.9, 126.6, 124.0, 123.7, 123.5, 123.0, 122.3, 122.3, 50.2 133.6, 133.3, 133.1, 132.9, 132.9, 132.8, 132.7, 132.7, 131.6, 131.1, 130.3, 129.5, 129.3, 128.9, 128.8, 128.7, 128.6, 128.6, 128.5, 128.4, 127.8, 127.7, 127.5, 126.8 ( J = 21.9 Hz), 126.6, 126.5, 126.4, 125.8, 124.6, 123.1, 122.0, 50.3 
Synthesis of Catalyst 1f:
A mixture of acid S-9 (0.2 mmol, 66.1 mg), EDCI (0.3 mmol, 57.5 mg), HOBT (0.2 mmol, 27.0 mg) and DCE (2.4 mL) was stirred at rt overnight. The reaction mixture was directly purified by a silica gel flash chromatography (Hexane/EtOAc = 4:1 to 3:1) to afford compound 1f as pale yellow solid (55.8 mg, 44% yield). 2, 136.4, 133.5, 133.0, 132.9, 132.8, 132.7, 130.3, 129.7, 129.3, 129.2, 129.1, 129. 
Synthesis of Catalyst 1g:
Prepared following the same procedure described for the synthesis of 1f; white solid; 71% yield; 128.3, 128.3, 128.0, 127.4, 127.4, 126.9, 126.8, 126.6, 124.3, 123.7, 122.9, 122.4, 122.0, 53 
Synthesis of Catalyst 1h:
Prepared following the same procedure described for the synthesis of 1f; white solid; 53% yield; [α] 25 D = -51. 
Synthesis of Catalyst 1i:
A 137.5, 132.9, 132.7, 131.8, 130.8, 130.0, 130.0, 129.6, 129.6, 128.9, 128.9, 128.7, 128.7, 128.6, 128.6, 127.8, 126.7, 124.3, 122.6, 49.7 
General procedure for the synthesis of compounds 4:
A mixture of 2 (0.1 mmol), 3 (0.2 mmol), 1d (0.01 mmol) and m-Xylene (1.0 mL) was stirred at 35 o C for 14-18 h without exclusion of air (monitored by TLC). Then the reaction was purified by a silica gel flash chromatography (Hexane/EtOAc) to afford compound 4. Determined by HPLC analysis on a chiral stationary phase. d 20 mol% of catalyst was used.
General procedure for the synthesis of compounds 6
A mixture of 5 (0.1 mmol), 3 (0.13 mmol), 1d (0.01 mmol) and m-Xylene (1.0 mL) was stirred at rt without exclusion of air (monitored by TLC). Then the reaction was purified by a silica gel flash chromatography (Hexane/EtOAc) to afford compound 6. 
